The reaction of AgCF 3 SO 3 with diphenylphosphinobenzoic acids leads to a cyclic dinuclear or a polynuclear silver(I) compound, 10
Introduction
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A key strategy in the design and synthesis of metal-organic frameworks (MOF's) and other hybrid organic-inorganic molecular materials is the utilization of simple multifunctional building blocks that induce the formation of complex molecular structures by self-assembly [1] . Silver (I) centers 35 are particularly versatile as components of such building blocks because of their flexible coordination number and geometry [2] , and the tendency to form Ag···Ag weak interactions [3] . Although there are many reports on other luminescent d 10 -metal complexes, emissive Ag I complexes 40 have been less studied because of their potential photosensitivity and limited luminescence [4] . In this respect, the potentially polydentate oand p-(diphenylphosphino)benzoic acids are interesting ligands combining soft (P) with hard (O) donor atoms. Moreover, the 45 carboxylic group is suitable to produce hydrogen bonds. In fact 2-diphenylphosphinobenzoic acid is a dimer with the typical H-bonds of carboxylic acids (Scheme 1) [5] . 50 Scheme 1. H-bonds between two carboxylic groups.
The ortho or para relative position of the phosphine versus the carboxylic acid can be used to engineer different threedimensional geometries. For instance, the homoleptic gold 55 complex of 2-(diphenylphosphino)benzoate is a mixture of a dimer and a trimer (a trimer is isolated as crystal), while the corresponding 4-(diphenylphosphino)benzoate complex is a polymer; in both cases, the ligands are working as O, Pbridges [6] . Homoleptic silver complex of 2-60 (diphenylphosphino)benzoate is a hexanuclear compound with the ligand acting as tri-and tetradentate bridge [7] . Scheme 2. a) Chelate for 2-(diphenylphosphino)benzoate; b) carboxylate bridges; c) O, P-bridges; d) more complex coordination mode (M' can be the same metal fragment).
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The related chloro gold(I) derivatives of 2-or 4-(diphenylphosphino)benzoic acid are dimers, by a
symmetrical double H-bond between the two carboxylic groups [6, 10] . Similarly, Cu(I) complexes become dimers by a typical double carboxylic H-bond [11] . However, chloro palladium(II) compounds with 4-(diphenylphosphinobenzoic) acid are mononuclear with the carboxylic group making H-5 bonds with solvent crystallization molecules [12] .
Here we report the synthesis and structural characterization of silver(I) compounds with 2-and 4-(diphenylphosphino)benzoic acids, where the substitution 10 pattern on the ligand leads to different nuclearities and luminescence properties on the complexes.
Experimental
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For general procedures see Supplementary data. 2.2. Crystal structure determination of compounds 1, 1a and 2.
Synthesis of [Ag
55
The crystal was mounted on a glass fiber and transferred to the SuperNova Oxford Diffraction diffractometer. Crystal data and details of data collection and structure refinement are given in Table 1 . Cell parameters, data reduction and absorption corrections were carried out with the CrysAlis 60 system software [13] . The structure was refined anisotropically on F 2 [14] . All non-hydrogen atomic positions were located in difference Fourier maps and refined anisotropically. The hydrogen atoms were placed in their geometrically generated positions. The presence of residual 5 electronic density in monocrystal 1 that cannot be taken into account by displacement parameters shows some delocalisation of the silver ions around the main site. To describe it, a second position (Ag1B) (11) b (Å) 11.8958 (10) 11.4142 (18) 10.4407 (5) c (Å) 12.1326 (11) 13.1871 (11) 16.3978 (10) α (º) 104.153 (7) 100.856 (10) 90 β (º) 94.333 (6) 104.094 (10) 103.466 (7) χ (º) 104.957 (7) 113.623 (16) 
Results and discussion
Synthesis and characterization
35
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The reaction of silver(I) triflate with 2-and 4-(diphenylphosphino)benzoic acid in a 1:1 molar ratio ( selected bond lengths and angles in Table 2 . The asymmetric unit of 1 and 2 contained the fragment Ag(OSO 2 CF 3 )(PPh 2 C 6 H 4 COOH), with the silver center coordinated to the phosphine through the P atom and to the triflate anion via an oxygen. On the other hand, the 60 asymmetric unit of 1a displayed the fragment [Ag(OH 2 ) 2 (PPh 2 C 6 H 4 COOH)](CF 3 SO 3 ), again with the silver center coordinated to the phosphine through the P atom, but now is coordinated to two water molecules (loosely to one) via their oxygen atom and with free triflate anion. The silver 65 center is coordinated to another oxygen atom in the three structures: the carbonyl of the carboxylic acid of another equal fragment. Therefore, the ligand is always acting as a bidentate non-chelating bridge. In that way the ortho benzoic acid leads to a cyclic dimer, which consists of a 12-membered 70 dimetallacycle with tri-or tetracoordinated silver centers. On the other hand, the para benzoic acid leads to a 1D-polymer because of the relative position of the carboxylic and the phosphine functional groups. The close compound [Ag 6 (oPPh 2 C 6 H 4 COO) 6 ] shows two silver triangles (Ag-Ag 75 distances of 3.244, 3.756 and 3.805 Å) related by a symmetry center, with the anionic ligand acting as tri-or tetradentate non-chelating bridge [7] . (14) 116.51 (14) The silver atom of compound 1 displays a distorted trigonal geometry, with a large P-Ag-O (triflate) angle of 129.09 (8) (6) and 97.07 (9) o , respectively. However, the silver atom of compound 1a displays a highly distorted tetrahedral geometry, with a large P-Ag-O (carboxylic) angle of 138.09 (13) o , smaller P-Ag-O (water) angles of 136.18 (8) and 100.46 (6) o , and the smallest angles are O-Ag-O: 80.02 (13), 90 84.46(6) and 85.74 (13) o . On the other hand, the silver atom of compound 2 shows a highly distorted trigonal geometry, being the largest angle of 146.08 (11) The Ag-O (triflate) distance found for 1 (2.318(3) Å) is slightly shorter than found for 2 (2.398(5) Å). However, the Ag-O (carboxylic) distance of 1 (2.482(2) Å) is slightly longer than found for 1a (2.362 (5) long Ag-O (water) distances of 2.2474(18) and 2.7187(19) Å, respectively. Finally, the Ag-P distance observed for 1 is slightly longer than observed for 1a or 2: 2.4127 (9) (9) -2.261(9) Å) and one or two longer Ag-O (carboxylate) distances from 2.394(9) to 2.619(9) Å per silver(I) center (in the asymmetric unit there is one tetracoordinate and two tricoordinate silver atoms) [7] . 10 The intramolecular silver-silver distances are 3. Figure 1 . Structure of the dimeric molecule of compound 1. Ellipsoids are at 25% probability level (H atoms omitted except carboxylic groups).
As stated in the introduction, the related gold(I) derivatives
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[AuCl(PPh 2 C 6 H 4 COOH)] are monomers, which display a typical linear coordination for gold, being the free carboxylic acid groups associated by a double symmetric H-bond to give dimers, the same for the ortho and the para ligands [6, 10] . The explanation must be related to the fact that the hard donor 45 oxygen atom of the carbonyl group bonds stronger for silver than for gold, and also to the tendency of silver(I) to higher coordination numbers than gold(I). (1A)-H(1A) ... O(4) 0.820 1.828 2.626 164.09 Symmetry transformations used to generate equivalent atoms: for compound 1 are 1-x, 2-y, 1-z; for compound 1a are -x, -y, 1-z; for 10 compound 2 are 1-x, 2-y, 1-z.
The powder X-ray diffraction (XRD) patterns of compounds 1 and 2 are in good agreement with that simulated from the corresponding single-crystal diffraction data (see 15 Supplementary Information) confirming that the latter accurately represents the structure of the bulk solid (and not 1a).
Luminescence studies
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The emission and excitation spectra of the free ligands and the silver complexes were recorded in the solid-state and in CH 2 Cl 2 solution, at 298 K and 77 K. The spectra of compound 2 at 298 K are shown in Figure 4 . The 4-25 (diphenylphosphino)benzoic compound 2 and the corresponding free ligand emit, while the 2-(diphenylphosphino)benzoic acid and its derivative 1 are nonemissive. The emission maximum in the solid state is at 471 nm at 298 K, similar to the free ligand (474 nm), but at 457 30 nm at 77 K, blue-shifted compared to the free ligand (479 nm) and to 298 K emission. This emission could be assigned as ligand centered, although slightly modified by the metal fragment. Compound 2 shows an emission in CH 2 Cl 2 solution at 298 K centered at 416 nm, while compound 1 and the two 35 free ligands are non-emissive. At 77 K the emission maximum show little change, and is observed at 420 nm, blue-shifted compared to the corresponding free ligand emission (486 nm). Emission peaks of compound 2 are strongly blue-shifted compared to these observed in the solid 40 state. Again, the emission could be assigned as ligand centered modified by the silver fragment. 
Conclusions
2-or 4-(diphenylphosphino)benzoic acids act as nonchelating bridge to give di-or polymeric silver(I) compounds, respectively, demonstrating that different geometrical 65 orientation of the substituent induces entirely different connectivity patterns. The triflate anion or water molecules complete the coordination sphere. On the one hand, the carboxylic functional group is bridging monomers, on the other hand is making H-bonds: intramolecularly for the 70 dimer, and associating 1D chains in pairs for the polymer. Besides, the p-(diphenylphosphino) benzoic ligand and its corresponding silver complex are emissive, while the ortho ligand and complex are non-emissive. 
